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Purpose. To compare the autofluorescence spectra of retinal 
pigment epithelium (RPE)-associated lipofuscin, Bruch’s mem¬ 
brane, and sub-RPE deposits (drusen and basal laminar-linear 
deposits) in eyes of donors with age-related macular degener¬ 
ation (AMD) against eyes of age-matched control donors. 
Methods. Cryosections were cut from the maculae of unfixed 
human donor eyes with AMD or from age-matched control 
eyes. Tissues were excited at wavelengths of 364, 488, 568, 
and 633 nm. Emission spectra were collected with a confocal 
microscope equipped with a spectrophotometric detector at 
10-nm wavelength intervals between 400 and 800 nm. 
Resuits. RPE lipofuscin had strong autofluorescent emissions 
that were excited at all wavelengths. Bruch’s membrane ex¬ 
hibited strong autofluorescence with an emission peak of 
485 ± 5 nm when excited with 364-nm light. At 488-, 568-, and 
633-nm excitations, Bruch's membrane and sub-RPE deposits 
in normal eyes exhibited minimal autofluorescence. In AMD 
eyes, however, both the 364- and 488-nm excitation wave¬ 
lengths stimulated substantial blue-green emissions from sub- 
RPE deposits and Bruch's membrane, with average pixel inten¬ 
sities substantially exceeding that elicited in the yellow-orange 
range by RPE lipofuscin. 

Conclusions. These data suggest that an increase in blue-green 
autofluorescence of Bruch’s membrane relative to the yellow- 
orange autofluorescence of RPE-associated lipofuscin is associ¬ 
ated with AMD. Knowledge of these spectra will be useful in 
evaluating animal models of macular degenerative disease and 
in diagnosis of AMD, and will provide a novel signature for 
further analysis of the molecular entitles emitting diese fluo¬ 
rescent signatures. (Invest Ophthalmol Fix Sci. 2002;43: 
2435-2441) 

A ge-related macular degeneration (AMD) is the leading 
cause of blindness in the Western world, affecting nearly 
30% of those over the age of 75. 1 AMD alters the quality of life 
of those affected by causing a debilitating loss of central vision. 
Clinically, the disease is characterized by an increase in macu¬ 
lar drusen and mottling of the RPE or areas of geographic 
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atrophy and in some cases by choroidal neovascularization.' 2 
Histopathologically, AMD is characterized by photoreceptor 
cell loss, hyperplasia and/or atrophy of RPE cells, abnormal 
thickening of Bruch’s membrane, and a variety of sub-RPE 
deposits (i.e., soft drusen and basal laminar deposits). 2 ' In late 
stages, calcification of Bruch’s membrane is also observed. 5 
Although a relationship between lipofuscin content of the RPE 
and AMD lias been suggested, 4 no quantitative analysis has 
fully examined the relationship. Despite the described charac¬ 
teristics, hard drusen and accumulation of lipofuscin can be 
found in nearly all eyes, increasing with age. 5 " 7 

Lipofuscin is a ubiquitous material present in granules in the 
RPE cell with a characteristic OV-excitable fluorescence 3 that is 
accounted for In part by A2E, the product of hydrolysis of 
vitamin A aldehyde and phosphatidylethanolamine. 9 ' 11 In Star- 
gardt’s disease, a relationship between lipofuscin accumulation 
and retinal degeneration is strongly supported by studies of the 
abcr knockout mouse. 12 The recent development of the con- 
focal scanning laser ophthalmoscope (cLSO) has greatly facili¬ 
tated the study of fundus autofluorescence in humans. Studies 
using the cLSO and other means of measuring fundus autofluo¬ 
rescence have been, for the most part, limited to inherited 
maculopathles such as Stargardt’s disease, in which an en¬ 
hanced accumulation of lipofuscin is better established, 13 " 18 or 
to patients in whom AMD has progressed to geographic atro 
phy, 19-23 These studies have focused primarily on fluorescent 
emissions that represent RPE-associated lipofuscin. 2 ’ 1 Although 
some studies suggest that fundus autofluorescence may be 
elevated in areas peripheral to regions of geographic atro¬ 
phy 21,23 or in advance of atrophy, 22 fundus autofluorescence 
measurements have not gained wide acceptance as a diagnos¬ 
tic tool. Although there is a growing body of evidence linking 
lipofuscin accumulation with RPE atrophy, 4 the connection 
between lipofuscin and AMD remains tenuous. 

Lipofuscin granules in the RPE are not the only autofluores¬ 
cent entities in the posterior pole of the eye. Autofluorescence 
of Bruch's membrane and drusen have also been anecdotally 
reported, 25 ' 27 although the spectrum has never been charac¬ 
terized. More recently, it has been observed in a systematic 
study of fundus autofluorescence, that the spectrum in regions 
with drusen is shifted toward shorter wavelengths. 20,28 

To better understand the individual autofluorescence spec¬ 
tra of sub-RPE deposits, Bruch’s membrane, and RPE iipofus- 
cin, we took advantage of recent developments in confocal 
microscopy that allow the collection of emission spectra from 
X-Y scans of tissue sections. Using a laser scanning confocal 
microscope with a spectrophotometric detector, we deter¬ 
mined that Bruch’s membrane and sub-RPE deposits had over¬ 
lapping spectra that were excited by UV and blue light with 
fluorescent emissions in the blue-green spectrum. Further¬ 
more, this fluorescence was increased compared with lipofus- 
cin fluorescence in eyes of donors with AMD relative to eyes of 
age-matched control donors, 
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Methods 

Tissues 

Three eyes of normal human donors of both sexes aged 81, 83, and 87 
years and three eyes of AMD donors aged 74, 84, and 92 years were 
used in this study. AMD donor eyes were obtained through the Eye 
Donor Program of the Foundation Fighting Blindness (Hunt Valley, 
MD). The use of human tissue was in accordance with the tenets of the 
Declaration of Helsinki. Eyes were enucleated between 2 and 6 hours 
after death and preserved at 4°C for 1 to 14 hours. The eyes with AMD 
have been characterized by Kamei and I-Ioliyfield, 29 and are the eyes 
numbered 359, 444, and 447 in Table 2 in die former study. His¬ 
topathologic characterization indicated that donor 359 had extensive 
soft dmsen, donor 444 had soft drusen and choroidal neovasculariza¬ 
tion, and donor 447 had extensive hard and soft drusen. Age-matched 
control eyes were obtained through the Cleveland Eye Bank (Cleve¬ 
land, OH), and the National Disease Research Intercliange (NDRI, 
Philadelphia, PA). Immediately after arrival in our laboratory’ or at 
NDRI, the eyes were frozen in liquid nitrogen and stored at - 80°C until 
preparation of samples. 

Tissue Preparation 

Each sample consisted of a 2-mm-wide strip of die retina-JKJPE-choroid- 
sclera complex, centered on the fovea. Unfixed samples were embed¬ 
ded in optimal cutting temperature compound (OCT; Miles Diagnos¬ 
tics, Elkhart. IN) and frozen hi liquid nitrogen. Cryosections (8 pm 
thick) were air dried on slides for 30 to 40 minutes, and then OCT was 
removed by’ a 5-minnte wash in water. Samples were again air dried for 
30 minutes and then mounted in fluorescent mounting medium (Flu- 
ormount; Electron Microscopy’ Sciences, Fort Washington, PA). 

Confocal Microscopy 

Wavelength scans were performed using the 364-, 488-, 568-, and 
633 run laser lines of a laser scanning confocal microscope (TCS-SP; 
Leica, Deerfield. IL) equipped with a spectrophototnetric detector 
utilizing a Hamamatsu R6357 photodetector (Hamamatsu Corp., 
Hamamatsu City, Japan). Tills detector exhibits relatively even radiant 
sensitivity and quantum efficiency in the 400- to 800-nm range. Data as 
presented are not corrected for changes in sensitivity’ of die detector at 
differenr wavelengths. The spectrophotometric detector used does not 
rely on barrier filters, and so filter characteristics did not influence die 
spectrum. Scans were performed using the substrate (for UV) or 
5P30/70 splitters (visible light), widt an open pinhole, and the detector 
was set to advance a 10-nm window of detection in 10-nm increments 
between 400 and 800 nm. Gains were set individually' for each field ’at 
each excitation wavelength, by using the glow over- under function to 
optimize collection of data across the full 8-bit scale. This was accom¬ 
plished in a 10 nm window determined by narrowing the window of 
detecdon during continuous scanning to the region of maximum 
fluorescence. Gains were not altered through the course of the scan. 
Each scan was performed using frame averaging set at 4. Data were 
acquired in 8-bit mode starting with the 633-nm laser and progressing 
to shorter wavelengths in order. Lasers were set in the park position, 
resulting in delivery of 200 mW for the UV Ar laser (364-ntu excitation) 
and 300 mW for the Ar and Kr lasers (48S- and 568-nm excitation) to 
the back of the aperture lens according to the manufacturer's specifi¬ 
cations. The HeNc laser (633-nm excitation) was set to deliver 1 111 W 
to the back of the aperture lens according to the manufacturer’s 
specifications. 

Average pixel intensities for Bruch’s membrane, sub-RPE deposits, 
and RPE-lipofuscin were determined on computer (Metamorph soft¬ 
ware ver. 4.5; Universal imaging. West Chester, PA, running on a 
Pentium Hi-powered computer; Intel Corp., Mountain View, CA). Nu¬ 
merical data were exported to a spreadsheet (Excel 97; Microsoft, 
Redmond, WA). The significance of differences in spectra obtained 
between control and AMD-affected eyes was assessed. using a two- 
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tailed, two-sample /-test, with no variance assumptions run within the 
software (Excel 97; Microsoft). Bruch's membrane and sub-RPE depos¬ 
its were selected for analysis based on a differential interference con¬ 
trast (DIC) image of each field analyzed. Drusen and basal laminar- 
linear deposit were distinguished on the basis of shape. Hard and soft 
dmsen were defined by their round contours with clearly defined 
borders. We could not always distinguish between soft and hard 
dmsen by DIC imaging. Basal laminar and basal linear deposits (BLDs) 
were defined as a thick continuous layer of accumulations beneath the 
RPE. We could not distinguish basal laminar and basal linear deposits. 
Drusen and BLDs were not found to have different spectra and there¬ 
fore were not separated in the final analysis of the data. Therefore, for 
the purposes of this Study we referred to drusen and BLD collectively 
as sub-RPE deposits. Lipofusein granules were selected by thresholding 
the section in each data set with the brightest RPE-lipofuscin to reveal 
the specific granules. Average pixel intensities for the Bruch's mem¬ 
brane, sub-RPE deposits, and RPE-lipofuscin from the same fields were 
normalized against the strongest measurement associated with lipofus¬ 
ein in each section series. To control for photoblcaching, a separace sec 
of sections were scanned sequentially as just described, progressing 
from 633- through 364-nm excitation, and then rescanned. This re¬ 
sulted in a shift of the background relative to the signal in the second 
scan of approximately 10% of maximum pixel intensity across the 
image. 


Results 

To examine the autofluorescent emissions of tissue with re¬ 
spect to its origin, 8-p.m sections derived from maculae of 
unfixed posterior poles were prepared, and three sections 
from each eye were examined by confocal microscopy using 
fight at 633, 568, 488, and 364 nm for excitation. XY-K data 
sets, comprising a series of two-dimensional (X .}) images 
stacked so that the Z-coordinate is A, were accumulated for 
emitted light in 10-nm increments from 400 to 800 nm. Each 
AT'-A data set comprises a section series that was analyzed as a 
whole. The peak emission generated at A ux by reflection of the 
excitation stimulus is omitted from all section series presented 
where A^ is 488 nm or more. 

Representative DIC images are shown in Figure 1 for con¬ 
trol (Fig. 1A) and AMD (Fig. IB) samples. All control samples 
contained hard drusen similar to the one shown in Figure 1A, 
and fields were deliberately chosen to include drusen. More 
variability’ was present in the AMD samples (Fig. IB). Not all 
fields from eyes with AMD contained drusen, although all 
contained some form of deposit between the RPE and Bruch's 
membrane. The most common finding was BLD. BLD was 
absent from all fields in control eyes. 

Spectral scans were performed starting with A,.,, of 633 nm 
and moved to progressively shorter wavelengths to minimize 
any’ potential for photoblcaching. The emission peak (A nlax ) for 
Bruch’s membrane, sub-RPE deposits, and lipofusein al each 
excitation wavelength are reported in Table 1. At A CJt of 633 
and 568 nm in both control and AMD samples (Fig. 2), the 
dominant signal emanated from RPE-associated lipofusein. Very 
small differences were noted in the A nlax associated with each 
of the regions examined. These differences were confined to 
slight blue shifts of sub-RPE deposits and Bruch's membrane 
relative to lipofusein. Because the A nlilx for these structures was 
within 10 nm, in effect they all had the same spectrum (Fig. 2). 
An increase in the intensities of bodi Bruch's membrane and 
sub-RPE deposits was noted in eyes with AMD, although this 
difference failed to show significance in a two-sample /-test. 

At A ex of 488 nm, a 10- to 15-nm difference was reproduc- 
ibly obtained between the spectra elicited from Bruch’s mem¬ 
brane and the sub-RPE deposits in comparison with lipofusein 
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Figure X. Representative DIC im¬ 
ages of eyes used in this study. (A) A 
typical field from a control eye, in 
this case an 81-year-old female do¬ 
nor. Note the hard druse In the cen¬ 
ter of the field. This was typical of 
the clrusen that were encountered in 
control eyes. (B) Eye of a 92 -year-old 
male donor with AMD. Note the ex¬ 
tensive basal laminar sub-RPE deposit 
(SRD) and increased birefringence of 
Bruch’s membrane <BM). 



(Fig. 3). The difference in A^ (Table 1) was identical in both 
control eyes and eyes with AMD. 

In Table 2, the percentage of maximum fluorescence inten¬ 
sity is shown for the A max for sub-RPE deposits, Bruch's mem¬ 
brane, and lipofuscin at each excitation wavelength. Values are 
normalized to the intensity of lipofuscin at the A iriax obtained in 
Table 1. Therefore, within a sample lipofuscin intensity can 
vary from 100% if there is variability in between section 
series or between donor eyes. Normalization of the signals in 
this way permits comparison of the intensity at the of 
each spectrum and indicates the strongest signal and reproduc¬ 
ibility of that signal intensity for each region and spectrum at a 
given A ejt . Quantitative comparisons of intensity among spectra 
derived with different A ex are not valid because of differences 
in detector gain settings and laser power. For this reason, all 
comparisons were made between the spectra elicited from 
sub-RPE deposits, Bruch's membrane, and Lipofuscin with the 
same A ex . 

At of 488 nm, lipofuscin was the dominant autofluores- 
cent entity in control eyes (Table 2). A substantial increase in 
the intensity of the Bruch's membrane fluorescence was de¬ 
tected in the AMD-affected eyes when compared with lipofus¬ 
cin fluorescence. In control eyes the Bruch’s membrane nor¬ 
malized fluorescence at was 53% ± 13% (mean ± SUM), 
whereas in eyes with AMD the normalized Bruch’s membrane’s 
fluorescence was 112% ± 29%- Application of the f-test to 
these measurements resulted in P ~ 0.07. Despite the differ¬ 
ences in Bruch’s membrane’s fluorescence, no difference was 
detected in the normalized intensity of sub-RPE deposits in 
control (57 ± 17%) versus AMI>affeeted eyes (60% ± 5%). 


Table 1. A max for Bruch’s Membrane, Sub-RPE Deposits, and RPE 


(nm) 

Specimen 

Bntch’s 

Membrane 

Sub-RPE 

Deposits 

RPE 

364 

Control 

485 

485 ~ 

555 


AMD 

485 

490 

540 

488 

Control 

540 

545 

555 


AMD 

540 

545 

555 

568 

Control 

610 

610 

615 


AMD 

600 

605 

615 

633 

Control 

645 

645 

655 


AMD 

650 

650 

655 


data are —5 nm. Data are presented as means derived from 
three eyes in which at least three fields were examined. 


At A ex of 364 nm, a substantial difference was found be¬ 
tween A max (Table 1, Fig. 4) for Bruch’s membrane and sub- 
RPE deposits compared with lipofuscin. In both control and 
AMD eyes', Bruch’s membrane exhibited a A mio . of 485 ± 5 nm, 
similar to the A m;u[ obtained for sub-RPE deposits. However 
lipofuscin had a A ntax of 555 ± 5 nm in control eyes and 540 ± 
5 nm in eyes with AMD. Thus, we could clearly delineate 
different spectra for Bruch’s membrane and sub-RPE deposits 
with respect to lipofuscin. In AMD-affected eyes, Bruch's mem¬ 
brane was clearly the brightest source of fluorescence (Fable 
2) excited by 364-nm light. Furthermore, a substantial differ¬ 
ence was found in the normalized intensity of Bruch’s mem¬ 
brane's fluorescence in AMD-affected versus control eyes. This 
difference (82% ± 9%) in control eyes versus. 154 ± 10 in eyes 
with AMD was significant (P = 0.03). A small difference was 
noted for sub-RPE deposits, as well with sub-RPE deposits: 77% 
± 4% of the intensity of lipofuscin in control eyes and 96% ± 
12% in AMD-affected eyes, although this difference was not 
significant (P = 0.37), 

Discussion 

Early diagnosis is the key to successful preventative medicine. 
The apparent changes in fundus autofluorescence in AMD and 
other retinal degenerative diseases l3 " 2i suggests that these 
measurements could serve as an early diagnostic test or prog¬ 
nostic indicator. We examined the autofluorescence spectra of 
three components of the posterior pole of the eye—Bruch’s 
membrane, sub-RPE deposits, and lipofuscin granules within 
the RPE—in part, with the goal of characterizing their individ¬ 
ual contributions to fundus autofluorescence. We found that 
Bruch’s membrane and sub-RPE deposits can contribute sub¬ 
stantially to the autofluorescent spectrum of the fundus when 
excited with 364- or 488-nm light. We also characterized a 
novel —485 — 5-nm peak of fluorescence excited from Bruch’s 
membrane and sub-RPE deposits with 364-nm light. 

The finding that Bruch’s membrane and sub-RPE deposits 
exhibit their own fluorescence is important, in that it must 
contribute to the image obtained when examining fundus 
autofluorescence. However, the contribution to the fundus 
image differs from that which we describe. Although we can 
make statements about the ratio of emissions generated from 
one region (i.e. Bruch's membrane) in comparison to another 
(i,e. lipofuscin), these are separated by virtue of the magnifi¬ 
cation at which we are working (X400 in all cases'), and the use 
of radial sections of the outer eye wail. In vivo autofluores¬ 
cence measurements are made in what would be an en face 
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Control 


AMD 



Figure 2. Spectral profiles derived using of 568 and 633 tun. Data are representative spectra from individual donor eyes. Lipofuscin is 
indicated by red line, sub-RPE deposits by green, and Bruch’s membrane by blue. Data are the mean ± SD from the three fields examined in each 
eye. No significant difference was observed between control and AMD-affected eyes with A eIt of either 568 or 633 nm. 


orientation under the microscope and without the vertical 
resolution necessary to separate Bruch’s membrane, sub-RPE- 
deposits, and lipofuscin. Furthermore, the contribution of a 
druse may be substantially greater if it is large and viewed en 
face, as opposed to in the S-pm-thick sections that we used. 
Indeed, others 20,28 have shown that in eyes with drnsen, there 
is a measurable blue shift in fundus autofluorescence. Our data 
confirm these earlier observations and suggest that the shift is 
in fact due to the novel spectrum of sub-RPE deposits com¬ 
pared with lipofuscin. Unfortunately, because of the limited 
availability of donor eyes with AMD en face sections were not 
available for this study. 

Also of interest is the finding that the fluorescence inten¬ 
sity of Bruch’s membrane exceeds that of lipofuscin in AMD 
eyes when excited with 364-nm light. This could be due to 
two possibilities. The first is loss of RPE cells and thinning of 
the cells resulting in a decrease in lipofuscin granules. This 
possibility however can be ruled out in the context of this 
study, as the regions selected for measurement included 
only those with RPE cells, lipofuscin granules were specifi¬ 
cally selected as opposed to whole cells, and the use of 
radial-sections eliminates thinning of the RPE from consid¬ 
eration. The second possibility is that the blue autofluores¬ 
cence of Bruch’s membrane is in fact increased in AMD- 


affected eyes relative to control eyes. A qualitative examina¬ 
tion of the sections suggests that this is in fact the case. 
Though it is tempting to speculate on the molecular entities 
responsible for this fluorescence, a large number of com¬ 
pounds could, alone or in combination, be responsible for 
this spectrum. 

Can this spectrum be used diagnostically? It is tempting to 
suggest that quantitative measurement of the Bruch’s mem¬ 
brane’s autofluorescence could serve as a diagnostic tool for 
AMD, and in fact we describe herein a novel spectrum that 
differs in intensity in control eyes and eyes with AMD. Unfor¬ 
tunately, tills spectrum is excited by UV light that is blocked 
from entering the eye by the cornea and lens. Furthermore, in 
our studies the pigment granules of the RPE did not influence 
the delivery of light to the sample. Changing to an en face 
orientation would place the RPE pigment granules between 
Bruch’s membrane and the light source, as well as between 
Bruch’s membrane and a detector, potentially quenching the 
effect that we describe in radial section. However, the increase 
in fluorescence observed using -488-nm light could be put to 
use. Barring a damping effect of the pigment granules, the total 
fluorescence detected when excited by 488 nm light should be 
increased relative to control eyes. Earlier fundus autofluores¬ 
cence studies used 510- or470-nm excitation wavelengths. 33,28 
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Control AMD 




Figure 3, Spectrum of Bruch’s membrane, sub-RPE deposits, and lipofuscin using K.% of 488 run, (A) Pseudocolor representation from control and 
AMD spectral data sets. Each panel derives front a select 10-nm window centered on the indicated A. The pseudocolor scale is shown on the right. 
(B) Sample spectra from representative donor eyes. Data are the mean ± SD from the three fields examined in each eye. Note the increase in 
Bruch’s membrane's intensity in the AMD-affected eye relative to lipofuscin. 


In those studies, lipofuscin fluorescence was found to be more 
efficiently excited at 510 am with a greater contribution de¬ 
rived from sub-RPE deposits when A ex was 470 tun. One 
difference from our findings is that others have found that peak 


Table 2. Percentage Maximum Pixel Intensities of Bruch’s 
Membrane, Sub-RPE Deposits, and lipofuscin 




Bruch’s 

ftub-RPl 


(run) 

Specimen 

Membrane 

Deposits 

Lipofuscin 

364 

Control 

S2 ± 9 

' 77 it 4 

?<5 ±2 


AMD 

1?4 ± 10 

96 ± 12 

97 ± 1 

488 

Control 

53 ± 13 

57 ± 17 

97 ± 2 


AMD 

112 ± 29 

60 ± 5 

100 ± 1 

568 

Control 

31 ± 10 

21 ± 7 

100 


AMD 

45 ± 9 

33 ± 4 

100 

633 

Control 

9 ± 1 

11 

100 


AMD 

15 ± 3 

15 ± 4 

100 


Data are mean ± SEM (n = 3 eyes) and arenormalizcd against the 
brightest point of lipofuscin fluorescence in each section series. The 
brightest source of fluorescence was assigned 100%. SEM associated with 
lipofuscin indicates slight variability in of lipofuscin between eyes. 


lipofuscin fluorescence in vivo exhibits a A. max of 620 nm as 
opposed to the 555 nm we observed. This could be in part due 
to the difference in excitation wavelength—510 nm in the 
former studies as opposed to 488 nm in the present study—and 
to macular pigment or age-associated yellowing of the lens. 

In healthy eyes, we found that the A miLX of lipofuscin in RPE 
cells was 555 nm when excited with light at 364 nm, similar to 
the 565 reported by Sparrow et al. io for A2E in unfixed 
■RPE cells excited with 380-nm light. We also found that the 
emission spectrum of lipofuscin shifted gradually toward the 
red .as the excitation wavelength was increased, similar to the 
data reported by Delon. 24 The shift of t0 540 nm that we 
observed for lipofuscin in AMD-affected eyes may be due to 
overlap of RPE and sub-RPE deposits in some sections from 
those eyes, or could represent a real change in the spectral 
characteristics and thus the composition of lipofuscin in eyes 
with AMD. 

In summary, we examined the autofluorescent spectra of 
Bruch’s membrane, sub-RPE deposits, and lipofuscin in AMD- 
affected and age-matched control eyes. We found a novel 
TV-excitable spectrum associated with Bruch’s membrane and 
sub-RPE deposits that appears to be present at higher intensi¬ 
ties in AMD-affected eyes than in age-matched control eyes. 
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FIGURE 4. Spectrum of Bruch’s membrane, sub-RPE deposits, and lipofuscin using = 364 nm. (A) Pseudocolor representation of select 10-nni 
windows centered on the indicated A from control and AMD spectral data sets. The pseudocolor scale is shown on the right. (B) Sample spectra 
from representative donor eyes. Data are the mean ± SO from the three fields examined in each eye. Note the increase in Bruch's membrane's 
intensity in the AMD-affected eye relative to lipofuscin. 
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